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A TIMING USING THE GEOS SATELLITE OFTICAL BEACON 
ABSTRACT - -  303727 
The GM)S I satell i te,  launched i n  November 1965, i s  a g r a v i t y  
s t a b i l i z e d  geodet ic  spacecraf t .  It i s  equipped with an  o p t i c a l  beacon 
cons i s t ing  of four  high i n t e n s i t y  xenon f l a s h  lamps t h a t  are programmed 
t o  f l a s h  a t  prec ise  times and t i m e  i n t e r v a l s .  
During t h e  months of February and March 1966, seve ra l  passes of t h e  
GM)S satel l i te  o p t i c a l  beacon f lashes  were observed pho toe lec t r i ca l ly  
a t  t h e  Goddard Opt ica l  Research F a c i l i t y .  
sequences w e r e  observed, recorded and timed r e l a t i v e  t o  t h e  NASA Goddard 
Cesium Beam Standard. Resul ts  of t he  experiment v e r i f i e d  t h a t  lamp 
f l a shes  occur with s u f f i c i e n t  accuracy a t  t i m e s  programmed i n t o  t h e  
sa te l l i t e  memory, and ind ica t e  t h a t  t h e  o p t i c a l  beacon may prove t o  be 
u s e f u l  i n  checking and possibly synchronizing ground based clocks.  




The GM>S satellite, launched i n  November 1965, i s  a g r a v i t y  
s t a b i l i z e d  geodet ic  spacecraf t  having i t s  bottom plane sur face  always 
po in t ing  toward t h e  cen te r  of t h e  ea r th .  Its o r b i t a l  parameters are 
Apogee 2272. Y(M 
Perigee 1117. m 
I n c l i n a t i o n  59 4 O  
Period 120.3 Minutes 
On the  bottom sur face  of t he  GM)S s a t e l l i t e  i s  a n  o p t i c a l  beacon 
cons i s t ing  of fou r  h igh- in tens i ty  xenon f l a s h  lamps. 
t hese  lamps i s  cont ro l led  by t h e  s a t e l l i t e ’ s  memory and s t a b l e  o s c i l l a t o r  
( c l o c k ) .  
f l a shed  i n  any combination of one t o  four  lamps. 
i n t o  t h e  s a t e l l i t e  memory every 24-48 hours by t h e  Applied Physics Laboratory 
l o c a t e d  i n  Howard County, Maryland. 
t i m e s  of t h e  o p t i c a l  beacon over pre-determined areas of t h e  e a r t h  up t o  
24 hours la ter .  
o r b i t .  
The operat ion of 
The fou r  f l a s h  lamps a l l  point i n  one d i r e c t i o n  and may be 
Flash times are programmed 
“he memory then cont ro ls  t h e  f l a s h  
A t o t a l  of 200 flashes may be programed during a s ing le  
The o p t i c a l  beacon i s  programmed i n  sequences of f i v e  o r  seven 
lamp f l a shes ,  t h e  first f l a s h  synchronized t o  begin wi th in  2400 microseconds 
of t h e  on-board s a t e l l i t e  clock minute marker .  The time i n t e r v a l  spacing 
between successive f l a shes  i n  a sequence i s  on t h e  order  of 4 seconds 
240 microseconds. The f l a s h  duration is 1 . 2  mill iseconds -+200 microseconds. 
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A l i g h t  output versus  t i m e  waveform p l o t  (as determined by t h e  EG&G 
Company p r i o r  t o  t h e  s a t e l l i t e  launch d a t e )  of  a GEOS f l a s h  lamp i s  
shown i n  Figure 1. The l i g h t  output  risetime, as determined from 
Figure 1 i s  80 microseconds (lO-gO$ p o i n t s )  while t h e  lamp pulse  dura t ion  
i s  1 . 2  mil l iseconds measured a t  i t s  l/3 power po in t s .  
Thc purpose of t he  Optical  Systems Branch experiment was t o  determine, 
based on ground observat ions and r c l a t i v c  t o  t h e  t ime s tandard used by 
APL and ava i l ab le  t o  a l l  u se r s  of GEOS, t h e  following: 
a )  
b )  
e )  
The s t a r t  time of each f l a s h  lamp sequence 
Thc t i m e  i n t e r v a l  between successive f l a shes  within a sequence 
Thv pulse dura t ion  of t h e  observed f l a shes .  
EXPERINEXIT SYSTEM 
Figure 2' i s  R block diagram of t h e  rece iver - recorder  system used 
during thc  experiment. The r ece ivc r  tc lcscope ,  t h e  same as i s  u:;cd during 
t h e  Goddard l a s e r  ranging experiments, has a n  e f f e c t i v e  ape r tu re  of 
16 inches (40.6 em) and a foca l  length  of 300 inches (762 em). 
s top  of 1 . 5  inches (3 .8  em), loca ted  d i r c c t l y  i n  f r o n t  of  t h e  r ecc ivc r  
phototubc, gives a recc ivcr  f i e l d  of' view of 17.2 minutes . During a 
satellite pa:;.; t h e  te lescope mount i s  dr iven  along t h e  computed s a t e l l i t e  
t r a j e c t o r y  through the  use of a paper tape  mount programmer. 
An ape r tu re  
1 
Since t h e  
-1 D 'Ficld 01' vic7w is dctcrmincd by t h c  equat ion 0 = 2 t a n  (wL) whcrc 0 z f ic ld  of vicw 
D = cii:irnc>tcr 01' aiic'rturc .,top 
























-P x w 
- 5- 
p red ic t ion  accuracy and mount movement i s  s u f f i c i e n t  t o  hold t h e  t a r g e t  
wi th in  a 10 minute a r c  c i r c l e ,  it was not normally required t o  make manual 
- correc t ions  t o  t h e  programmed dr ive .  When t h e  sa te l l i t e  was i n  sunl ight  
F against a dark sky, it was a l s o  poss ib le  t o  view it v i s u a l l y  through an 
a u x i l i a r y  te lescope .  
The r ece ive r  phototube was an EMI9558A with an S-20 sur face .  "here 
w a s  no attempt made t o  f i l t e r  out  a p a r t i c u l a r  l i n e  wi th in  the  xenon output 
-- 
1 
spectrum which approximates dayl ight ;  i n s t ead  t h e  f l a s h e s  were received 
u n f i l t e r e d  onto t h e  photocathode surface.  The output of t h e  phototube w a s  
appl ied  across  a 47 kilohm load, and fed  t o  both an osc i l loscope  and a X l  
( u n i t y )  ga in  a n p l i f i e r ,  both placed on t h e  platform near  t h e  t racking  
pedes ta l .  
The osci l loscope w a s  loca ted  within 1 5  cable f e e t  of t h e  output of the  
phototube. I t s  purpose was t o  d isp lay  the  undis tor ted  received s igna l  f o r  
p1iotogral;hic purposes. 
seconds) 1 PPS "on time" pulse  generated by our time code generator .  
The scope t r a c e  was i n i t i a t e d  by a delayed ( 5  m i l l i -  
The 
f l a s h  lamp s i g n a l  w a s  thus  posit ioned i n  the  center  of t h e  osci l loscope s;ieep 
and was photographical ly  recorded through the  use of a Polaroid camera. 
Figures  3 through 6 (A&B) show t y p i c a l  f l a s h  lamp s igna l s  received and 
recorded d i r e c t l y  out  of t h e  rece iver  phototube. 
w a s  simultaneously sen t  t o  t h e  un i ty  ga in  ampl i f ie r  (cable  d r i v e r )  and 
The f l a s h  lamp s igna l  
recorded on magnetic and paper tape  recorders  (Figures  7 and 7 A ) .  
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"A" ( 4 lamps ) 
h r n s  
Range 7892 microsec. 
Range 7903 microsec. 
Sweep 1 ms/cm* 
Amplitude 1 v/cm 
Measured Flash Duration '= 1.2 millisec. 
(1/3 power point) 
Elevation Angle %TO 
TOP - Time 07 43 00 (F1) 
Bottom - Time 07h43nb4s (F2) 
0 
"B" (4 lamps) 
h r n s  
Range 7955 microsec. 
Range 7938 microsec. 
Sweep 1 ms/cm* 
Amplitude 1 v/cm 
Measured Flash Duration z 1.2 millisec 
(1/3 power point) 
Elevation Angle 
TOP - Time 07 43 20 (F6) 
Bottom - Time 07h43~16~ (F5) 
*Sweep start delayed 5 milliseconds 
FIGURE 3. 
Received on March 9, 1966 - Directly Out of Phototube 
Typical 4 h p  GEOS Flash AS 
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"A" (4 Lamps) 
TOP - Time 07 47 00 (F1) 
Bottom - Time 07h47%4s (F2) 
h m s  
Range - 9480 microsec. 
Range 9520 ml 1 crosec. 
Sweep 1 ms/cm* 
Amplitude 1 v/cm 
(1/3 power point) 
mevation Angle 2 44O 
Measured Flash Duration= 1.2 millisec. 
*Sweep start delayed 5 milliseconds 
"B" (4 haps) 
- Time 07h4p16s (F ) 5 TOP Range 9642 microsec. 
Range 9683 microsec. 
Sweep 1 ms/cm* 
Amplitude 1 v/cm 
(1/3 power point) 
mevation Angle= 4' 
Bottom - Time 07h4p22s (F6) 
Measured Flash Duration 2 1.2 millisec 
FIGURE: 4. Typical 4 Lamp GEOS Flash As 
Received on mrch 9, 1966 - Directly Out of Phototube 
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"A" ( 4  lamps) 
h m s  
Range 12,441 microsec 
TOP - Time 09 41 00 (F1) 
Bottom - Time 09h41rn04s (F2) 
Range 12,397 rnicrosec 
Sweep 1 ms/cm* 
Amplitude 1 v/cm 
Pulse Duration% 1.2 millisec 
Elevation Angle 25.0 deg. 
*Sweep start delayed 5 milliseconds 
"B" (4 lamps) 
h m s  
Range 9 367 microsec. 
Top - Time 09 48 00 (F1) 
Bottom - Time 09 fl 48mO4' (F,) 
i 
Range 9,358 microsec. 
Sweep 1 ms/cm* 
Amplitude 1 v/cm 
Pulse Duration sz 1.2 millisec . 
Elevation Angle 47 .O deg . 
FIGURE 5. 
Received on March 9, 1966 - Directly Out of Phototube 
Typical 4 Lamp GEOS Flash As 
(Comparison of Flash Intensity f o r  Like Flashes Within a Sequence) 
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"A" (4 lamps) 
h m s  
Range 12,26h microsec 
h n_ s 
RRnge 12,308 microsee. 
Sweep 1 mica* 
Amplitude 1 v/cm 
- Time 09 41 16 (F ) 5 
Botton - Time 09 41 i2 (Fk) 
TOP 
Pulse Duration 1.2 miilisec 
Elevation Ar,t1-. ;I' 26; deg. 
"B" (4 lamps) 
Top - Time 0?h4&?L2s (F4) 
Renge 9343 microsee. 
Bottom - Time 09h4&T16s (F ) 
Rage 9337 micros& 
Swep 1 mt;/cm 
jp@iiu& 1 T 7 / n m  " , ..Aj. 
Pulse Dui-e.tion 2 i.2 miliisec. 
Elevation Angle 46 deg. 
*S-vieep start delayed 5 milliseconds 
FIGLEE 6. mica1 b h - p  GEOS Flash As 
Received lhxh 9, 1360 - Directly OLit of Fnototabe 
( C o c i n i r l s o ~  o f  Flash Intensity for Like Flashes wit hi^ 3 Sequence) 
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Figure 'j. A typical  ~ ~ 6 0 0  magnetic tape playback recording onto paper tape 
of GEOS f lash  received March 9, 1966 a t  0gh45m12s (Flash #4) 
Flash t r ans i t  time - 10,014 microseconds (as measured from leading 
edge of 1 PPS "on time" pulse t o  leading edge of' squared received 
s ignal) .  Time increases f rom r ight  t o  l e f t .  
Figure 7A. A typical  ~ ~ 6 0 0  mgnetic  t epe  playback recordtng onto paper tape 
of  GM)S f lash received March 9, 1966 a t  0gh48ni12s. Flash t r ans i t  
time - 9,218 microseconds ( a s  measured from leading edge of 1 PpS 
"on t ine" pulse t o  leading edge of squared received signal) .  
Time increases from r ight  t o  l e f t .  
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I n  order  t o  provide a r e l i a b l e  t r i g g e r i n g  edge for time i n t e r v a l  
determinat ions,  t h e  f l a s h  lamp s i g n a l  w a s  squared and a l s o  recorded. 
- This squared pulse  i s  shown, along with t h e  range ga te  i n  Figure 7 and 
again i n  Figure 8 A&B. The t i m e  i n t e r v a l  counter,  which had been s t a r t e d  
c 
by t h e  l ead ing  edge of our 1 PPS "on t i m e "  marker, was stopped by t h e  
squared received s igna l ,  thus  g iv ing  t h e  exac t  time in t e rva l  between our 
re ference  1 PPS "on t i m e "  marker and t h e  a r r i v a l  time of t he  lamp f l a s h  
s i g n a l .  The output of  t h e  time i n t e r v a l  counter was then p r in t ed  out  on 
paper t ape  f o r  l a t e r  re-run comparisons with the  da ta  as recorded on the  
magnetic tape recorder .  Data reduction w a s  begun a f t e r  a l l  f l a s h  sequences 
r a t h i n  a pass were recorded. 
\ 
DATA REDUCTION 
The FR-600 magnetic tape  recorder has a frequency response of 
300 cps t o  2'50 KC using i t s  DC record/reproduce modules and 0-20 KC 
pulse  shape and c h a r a c t e r i s t i c s ,  t h e  received f l a s h  lamp s i g n a l  was recorded 
on a DC channel while i t s  squared s i g n a l  counterpar t  m s  recorded on an 
* 
FM channel. The var ious o the r  t i m i n g  s i g n a l s  were then recorded on o the r  
channels a t  a tape  speed of 60 i p s .  A t  t h e  end of a pass t h e  reference 
1 PPS "on time" marker, along with the squared received f l a s h  r e tu rns ,  were 
played back from t h e  magnetic t a p e  recording i n t o  t h e  time i n t e r v a l  counter 
(F igure  9). The counter w a s  s t a r t e d  by t h e  lead ing  edge of t h e  "on time" 
marker and stopped by the  leading edge of t h e  squared received s igna l .  The 
*Later r e s u l t s  i nd ica t e  t h a t  a d i f f e r e n t i a t e d  s i g n a l  appl ied t o  a DC record 
channel i s  not  f a i t h f u l l y  reproduced. However, the  reproduction does not 
-CC--L LL- -:--+:-- L.+ -miTr +hn aanqTr 
ULLCLL, b1lC L ~ ~ C b l . I l l C  U U b  urLLy " I L L  ULL-y "-ILL cf t h e  p u l s e .  
"A" 
Sweep 500 microseconds/cm 
" B" 
Sxt :p 290 micros e conds /em 
Figure 8. Ty-pical plzyback from magnetic tape showZng t n e  flash l a p  return ant? 
its squuered signal counterprt. R i s s  time of f l a s h  1 z ~ p  signal 
Signal risetime is < 5 microseconds. Tne squared s i s L a i  i s  used to 
stop the time interval counter to obtain accurate range nezsurerr.ents. 
TLme increases f rom right to left. 










t i m e  in terval  thus  displayed w a s  p r in t ed  out  on d i g i t a l  paper t ape .  
f l a s h  sequence w a s  played back a minimum of 12 t i m e s :  first,  s ix  times 
a g a i n s t  t h e  1 MC i n t e r n a l  o s c i l l a t o r  of t h e  t i m e  i n t e r v a l  u n i t ,  and then  
s i x  times aga ins t  t h e  stable lOOKC as recorded on t h e  magnetic t ape .  
readings thus obtained were then  averaged t o  g ive  a more meaningful t i m e  
i n t e r v a l  measurement. 
Each 
The 
The s a t e l l i t e  range information f o r  each p a r t i c u l a r  minute and second 
involved w a s  obtained from t h e  p r in t ed  copy of t h e  programmer d r ive  t ape  
which had been prepared on t h e  b a s i s  of previous Minitrack da ta .  
averaged time i n t e r v a l  readings,  as obtained above, were then  compared t o  
these  computer-predicted ranges.  The t i m e  d i f f e rences  obtained, ind ica ted  
relative t o  our reference 1 PPS "on t i m e "  marker, when each lamp f l a s h  of  a 
sequence occurred, o r  the t i m e  i n t e r v a l  between lamp f l a s h e s .  Table 1 
i s  a record o f  t he  a r r i v a l  t i m e s  of t h e  f irst  f l a s h  of each sequence t h a t  
w a s  received.  A minus s ign  i n  f r o n t  o f  t h e  t i m e  d i f fe rences  l i s t e d  
ind ica t e s  t h a t  t h e  lamp f l a s h  a c t u a l l y  occurred on t h e  sa te l l i t e  pr ior  t o  
our reference 1 PPS "on t i m e "  marker. A p lus  s i g n  ind ica t e s  t h a t  t h e  lamp 
f l a s h  occurred a f t e r  our  1 PPS "on time" marker. L is ted  i n  Column 5 arc 
t h e  t imes,  r e l a t i v e  t o  WWV, t h a t  t h e  i n t e g e r  minute marker occurred on- 
board t h e  s a t e l l i t e .  
f lashes  occur wel l  within t h e  +40C microseconds of t h e  s a t e l l i t e  i n t e g e r  
minutc marker. 
The 
Comparison of Column 4 and 5 ind ica t e s  t h a t  t h e  l<mp 
. 
-15- 
TIMING RESULTS OF FLASH #I OF A GM)S FLASH SEQUmCE 
I 
(1) (2 )  (3)  (4)  ( 5 )  
TIME DIFFERENCE' 
T + at ( T  + atlMC) B E X "  EXPECTED SATEUITE INTEGEd' 
EXPEC'TED FLASH ACTUAL FLASH & A C T U U Y  REC'D MINUTE MARKER 
DATE RECEPTION TIME RECEPTION FLASHES (qSEC) OCCURJBNCE 
DAYS HRS. MIN. SEC. (L( SEC) TIME & SEC) (T + At)- (T  + AtlMC) (4SEC) 
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'Minus s ign  i n d i c a t e s  f l a s h  occurred p r i o r  t o  t rue "on t i m e " .  
F l u s  s i g n  i n d i c a t e s  f l a s h  occurred a f t e r  t r u e  "on t i m e " .  
"On time" i s  t ha t  t i m e  referenced t o  cesium beam standard a t  t h e  Goddard Timing Laboratory - 
t rue "on t i m e "  ( i . e .  referred t o  WWV) would necess i t a t e  t h e  sub t r ac t ion  of approximately 
30 microseconds from each l i s t e d  t i m e  d i f fe rence .  
Telephone conversat ion with Mr. Glen San Lwin of  APL. Obtained from te lemet ry  received a t  
APL. Reference t i m e  used a t  APL i s  reference t o  t r u e  W V  on t ime. 
2 
-16- 
Table 2 i s  a record of t h e  a r r i v a l  times and t i m e  in te rva ls  of a t y p i c a l  
7- f lash  sequence. 
f l a s h e s  i s  4 seconds ~ 4 0  microseconds. 
from a l l  pass sequences observed (see Appendix) i nd ica t e s  t h a t  t h i s  t i m e  
i n t e r v a l  between successive f l a s h e s  does hold .  
A s  can be seen from t h i s  t a b l e ,  t h e  t i m e  in te rva l  between 
Comparison of t h e  da t a  obtained 
TIMING 
Figure 10 i s  a comparison of t h e  WWV t i m e  t i c k s  as received and t h e  
Goddard cesium beam t i m e  s tandard system. This t i m e  d i f fe rence  ind ica t e s  
t h a t  t h e  WWVtime t i c k s  appears t o  be  a poor choice as reference f o r  
t h i s  experiment. 
ahead of t h e  cesium beam standard 1 PPS. This delay,  inherent  i n  t h e  WWV 
t ransmission c i r c u i t r y  has been v e r i f i e d  both by  NBS - Boulder personnel 
and members of  t h e  Goddard Timing Systems Section* i n  December 1965. 
v a r i a t i o n s  and d r i f t  shown i n  Figure 10 are i n  a d d i t i o n  t o  and independent 
of t h i s  constant  o f f s e t .  
The "true WWV on t i m e "  occurs 30 microseconds 21 microsecond 
The 
The purpose of t h e  experiment w a s  t o  a c c u r a t e l y  determine, r e l a t i v e  
t o  WWV, t h e  s t a r t  of  a f l a s h  lamp sequence. It w a s  t he re fo re  imperative 
t h a t  our  reference 1 PPS "on t i m e "  marker be accu ra t e ly  se t  and checked 
cons tan t ly  f o r  d r i f t .  
second t o  second, it w a s  thought t h a t  it would be more meaningful t o  
reference a s t ab le  t i m e  base - t h e  Goddard cesium s tandard .  "On t i m e "  
determination was es tab l i shed  through t h e  use  of a h igh ly  s t a b l e  secondary 
I n  add i t ion  s ince  WWV var ied  so from day t o  day and 
'Private conversation with Mr. S. Wardrip of t h e  Goddard Timing Systems 





BEIWEE2l EXPECTED TIME DIFFERENCE TIME DIFFEREWE 
FLASH &ACTUALI;YRECD. BE;TWEEN SUCCESSIVE BETWEEN SUCCESSIVE 
DAY HOUR MIN SEC NO. FLA~HE~L( /SEC. FLASHES (SEC) FLASHES (14 SEC) 
068 09 48 00 1 -138 - - 
48 04 2 -144 4.000006 +6 
48 08 3 -143 3 * 999999 -1 
48 12 4 -125 3 999982 - 18 
48 16 5 -121 3 - 999996 -4 
48 20 6 -119 3.999998 -2 
28 24 7 -108 3 - 999989 - 11 
- 
T + At  
1 PPS 
"On Time" '< ~ 
Ekpected Flash 
Reception Time 
F lash  







quar tz  frequency s tandard and a por tab le  clock borrowed from the  Goddard 
Timing Laboratory. 
The po r t ab le  clock w a s  f i r s t  s e t  t o  wi th in  1 microsecond of t he  
1 PPS output of t h e  Goddard cesium beam standard.  The por tab le  clock w a s  
then t ranspor ted  t o  t h e  Goddard Optical  Research F a c i l i t y  and used t o  set  
our 1 PPS "on t i m e "  marker t o  within one microsecond of t h e  por tab le  s tandard .  
I n  a l l ,  our t i m e  code generator  1 PPS "on time" marker w a s  then within 
2 microseconds of t he  Goddard cesium beam time s tandard and within 32 
microseconds of t r u e  time referenced t o  WWV. A t  t he  end of a s a t e l l i t e  
pass ( u s u a l l y  6-8 hours l a te r )  our  1 PPS "on t i m e "  marker was again compared 
a g a i n s t  t h e  por tab le  clock. The d i f fe rence  thus  obtained, on the  order  of 
minus 10 microseconds, was recorded. The por t ab le  clock w a s  again compared 
t o  t h e  cesium standard a t  Goddard. Corrections f o r  both d i f fe rences  then  
e.; tablished t h e  d r i f t  of our 1 PPS "on time" standard from e i t h e r  the  cesium 
szandard o r  t r u e  "on time" o r  hVi.  
marker occurred a f t e r  ( l a t e )  t r u e  WWV "on time" by 34-38 microseconds. 
we c o r r e c t  f o r  t h i s  es t imated o f f s e t ,  then our time i s  good t o  L 2  micro- 
seconds r e l a t i v e  t o  " t r u e  WWV on t i m e . "  It should be noted t h a t  Table 1 
was not  cor rec ted  f o r  t hese  o f f s e t s .  
FESULTS 
A t  tli? end of 2 ~ Z C C ,  cir 1 PPS 'Inn t . i m e "  
If 
Table 1 gives t h e  time differences recorded f o r  t h e  f i r s t  lamp f l a s h  
of a sequence. 
t i m e  a r r i v a l ,  referenced t o  our 1 PPS "on time" marker and corrected f o r  
The time recorded i s  an average of 6 readings of t h e  f l a s h  
-20- 
t h e  time of f l i g h t  from t h e  predic ted  s a t e l l i t e  range a t  t h a t  time. 
t h e  Goddard cesium standard i s  ahead of ' ' t rue WWV on time" by 30 microseconds, 
our  time difference i s  i n  e r r o r  by t h a t  amount p lus  t h e  d r i f t  e r r o r  of our  









7 -  
The f l a s h  lamp sequence, except f o r  the  pass da t a  obtained on 
March 7, 1966, begins p r i o r  t o  t h e  ground based in t ege r  U.T. minute 
marker " t rue WWV on time". 
The f lashes  begin within +bo0 microseconds of t he  in t ege r  minute 
occurrence on board t h e  s a t e l l i t e .  
The time i n t e r v a l  between f l a shes  within a sequence i s  4 seconds 
- +40 microseconds. 
The pulse  durat ion (l/3 power po in t s )  of  t he  observed f l a shes  i s  
1 . 2  mill iseconds +200 microseconds (Figures  3 through 6 ) .  
The lamp output r i se t ime i s  on the  order  of 80-100 microseconds 
(Figures  8A&B). 
Flash #2 of a sequence normally has t h c  longes t  time i n t e r v a l ,  i . e .  
f l a s h  #2 occurs 4 seconds o r  more a f t e r  t h e  f i r s t  f l a s h  of a sequence. 
All other  f l a s h  time i n t e r v a l s  a r e  normally l e s s  than  4 seconds. 
Thc Appcndix l i s t s  t h c  times of a r r i v a l  of a l l  GEOS f l a shes  photo- 
e l e c t r i c a l l y  recorded. 
-21- 
1. Johns Hopkins University, Applied Physics Laboratory, "Technical 
Plan f o r  a National Geodetic Satellite Program" March 1965, 
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